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Abstract

Similar to other epithelial cancers, prostate cancer progression has been defined histologically as a

transition from benign epithelium, to precursor lesions such as high grade prostatic intraepithelial
neoplasia (PIN), to adenocarcinoma, and ultimately to metastatic disease. Despite efforts to profile

prostate cancer progression using DNA microarrays, the genetic alterations and biological processes
that correlate with the observed histological progression are unclear. Using laser capture
microdissection to isolate over 100 specific cell populations, we report the profiling of prostate cancer
progression from benign epithelium to metastatic disease. By analyzing these expression signatures in

the context of 15,000 “molecular concepts”, or sets of biologically related genes, we generated a
model of prostate cancer progression. Molecular concepts that demarcate critical transitions in

prostate cancer progression include protein biosynthesis, ETS family transcriptional targets, androgen
signaling, and cell proliferation. Of note, high grade prostate cancer (Gleason Pattern 4) exhibits an

attenuated androgen signature relative to low grade prostate cancer (Gleason Pattern 3). Taken
together, we demonstrate that analyzing gene expression signatures in the context of a compendium

of

molecular concepts has utility in understanding disease biology.

Methods

Laser Capture Microdissection

Laser Capture Microdissection (LCM) was performed from frozen tissue sections with the SL Microtest
device using uCUT software (MMI). Approximately 10,000 cells were captured for each sample.

RNA Amplification and Hybridization

Exponential RNA amplification was performed using a TransPlex Whole Transcriptome Amplification (WTA)

kit (Rubicon Genomics, Ann Arbor, MI) as described (Tomlins et al. 2006, Neoplasia 8:153-162).
Amplified cDNA was hybridized to 20K element cDNA microarrays.

Data Anaylsis

The data set was loaded into the Oncomine database (www.oncomine.org) for identification of
gene signatures and automated gene set enrichment analysis against all concepts in the Molecular
Concepts Map.
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Conclusions

Combining laser capture microdissection with exponential RNA amplification allows for
specific profiling

Proliferation related concepts are over-expressed in PCA progression, particularly from
localized to metastatic PCA

Androgen signaling activity defines several key transitions in PCA progression, with
increased activity from benign to PIN, and decreased activity in PCA progression, localized
to metastatic disease, and importantly, low to high Gleason grade PCA

Increased protein biosynthesis concepts define the benign to PIN transition, consistent with
an enlarged nucleolus being the defining histological feature of PIN

Changes in protein biosynthesis and ETS transcriptional targets parallel changes in
androgen signaling activity, suggesting a functional link

Marked over-expression of ETS transcription factors through gene fusions with TMPRSS2
likely defines the PIN to PCA transition in a majority of cases

Integrating expression profiling with a compendium of molecular concepts is useful for
understanding disease biology, confirming previous hypotheses and generated novel genes
and concepts involved in PCA progression
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Figure 1. Integrative analysis of molecular concepts in prostate cancer progression. a.

Schematic of the experimental approach. b. Unsupervised hierarchical clustering of the complete
data set. Samples are colored by class according to the color scale. c¢. Prediction Analysis of
Microarrays (PAM) demonstrates that while PIN and PCA share similar gene expression signatures,
atrophic samples are more similar to benign prostate epithelium.
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Figure 2. Expression signatures and molecular
concept analysis of cancer
microdissected prostatic epithelia. a.
prostate cancer progression signatures identified from
Genes correlating with
progression from benign to PIN to prostate cancer

progression in
Robust

(PCA) to metastatic prostate cancer (Met) were
identified. b-c. Network view of the molecular concept
over-expressed (b) or
under-expressed (c¢) during progression signatures
(green nodes). Each node represents a molecular
concept. The node size is proportional to the number
of genes in the concept. The concept color indicates
the concept type, according to the legend. Each edge
represents a significant enrichment .
significantly enriched concept of each type in the
progression signature is indicated by a thick edge.
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Figure 6. Decreased androgen signaling and protein biosynthesis characterize the transition from
localized prostate cancer to metastatic prostate cancer. a. The most differentially expressed genes
between localized prostate cancer (PCA) epithelium and metastatic prostate cancer epithelium (Met) were
identified by Oncomine. b. Network view of the molecular concept analysis of the under-expressed from

The most

B GO Biological Process

M GO Cellular Component

[ ] GO Molecular Function

B KEGG Pathway

M Literature-defined Concepts
] Transfac Matrix

B HPRD Interaction Sets

Il Gene Expression Signature

structural constituent '4
of ribosome I\

/
protein biggyng / ‘ Downregulated genes in monocytes
: / in response to IL-10 stimulation
/ for 24 to 35 hours

/

N

ribosome ¥,
' T PIN vs Benign
Upregulated genes i gD8

compared to other blgod /e

Rownregulated genes (time
ependent) in prostate cancer
in response to Resveratrol

Il

J
preg77/l ed genes iM\CD4 cells

ompared to other blood cells

Top-ranked UV-represse
gengs in acute radiation to

Upregulated genes (time
deperident) in prostate cancer

Elk-1 :
Upregulated genes in prostate élls in response to androgen

cancer cells in response to
synthetic androgen R1881

mitochondrion

Low grade PCA _ High grade PCA  Metastatic PCA

- e R S oy o B RS
Ay | & il R g g e i
. J S _'.—1"_ s | _ﬂ! r -"_i_",._ 1 4 '-!'“'I_-::E- =7 I i -
EisEN "IH-I - F i I 'l:.. e li-' gl i '.|_- !_' i :l:- = ﬁ'.:'
F i [ {'ﬁ‘- " Tl A o e
.-:\-3. B " : ‘.h. k. .': F .\.qlrrl:‘. e __E i o -::-n_- I--:; il'.?.-:-_":_\. _.: .- -_- .': I_-r _:;1:! ;
‘h'.‘_‘d! ' .'__-" L - _r: kg bh . T L) ! __]f:.:.:"_':_'-..,_ -_'-'-:'. e 1 "'IF:I_' .
: : 1 &'F:ﬁ-.?f i Al T A T e "
J..._- L _-|"-""- -l “pl‘l::-_ "-'1!.: 'I’..: I; '. - [ -.J-:_-F- X .: _-.:"l.:\_.-.'.i:-_;'r -1.::|| ...‘- I.h'
o oy, o 'ﬁ - il o o
AMACR
o SLC25A6
c LIM
: e
5 STEN
= H ] GSTP1
© | NKX3-1
O MME
9 [ 1 [ 1 [] [ AZGP1
3 ] T 1] | 1 N ] ] 141854
@ TncRNA
= ZIC2
a SLC22A3
| [ T [ 1 [ 1 NPAL3
" BER ]
t

n ] [
ki
(o
35
=
A o
e
[ ]
0 =
(0]
(@)]
| .
©
d
L
|_
)
|_
[1N]
[ ] [ |
] ] W | ] SLC22A3
> L WDR9
2 [ ITGAV
= U PGM3
5 FLJ14681
S GLUD1
o UBE2J]1
= KDELR3
= Cilorf10
© ASAH1
c ABCC4
S5 MRPL33
n PDIR
= HINT1
0] KIAA0431
= HEBP2
o DOCK5
© ALDH1A3
= KDELR2
i N1
NR4A1
||
[
| | MCM4
. ] et
:i: COX6C
| NA
[ | EIF2C2

AN EEEE BRI EXT1
EEER’ EEEENE B | | LOC51123
|| || || H ER ZNF250
CYP11B1

PLK1
PTTG1
WSB1
CIT
CDCA5
CKS2
MCM4
|| TncRNA
| CBX3
|| TOP2A
MGC57827
| | E&JSBTIZHZAA
'l | | cDce
LI B [T sTKe
L T PTG

Cell cycle

Figure 7. Molecular concepts model of prostate cancer progression. LCM and expression
profiling were combined to generate expression profiles for epithelial cells from the histological
transitions in prostate cancer progression. Columns below the histological images represent arrays
from each sample class and rows represent individual features.




